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(54) Vortex shedding wraps for submerged pilings and pipes 

(57) Flexible elastomer wrap panels [211 are stretched 
and clamped around submerged pilings, risers and 
pipelines and have radial rib-strakes [38J protruding 
outward from the piling and extending along the piling in 
a longitudinal direction, reducing or eliminating aeolian 
vibration induced by flowing ocean currents causing 
vortex formation. The radial ribstrakes may be produced 
in a variety of cross sections including tubular, tubular 
head with a central stand-off web, rectangular and 
inverted Y, The wrap panels may incorporate an interior 
pile-facing felt layer Impregnated with a corrosion 
inhibiting and biocidal gel providing long term protection. 
The wrap panels may also be coated to resist degradation 
by any form of marine life. 
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VORTEX BEBDDZKG EELICAL 8TRAKB WKAFS 
POR BOBMBRGBD PIIpISSB AKO PIPES 


This invention relates to flexible elastomer 
wraps for submerged pilings, risers and pipes, and 
particularly to such wraps carrying fins protruding 
therefron which extend as longitudinal or helical fins or 
ribs from the periphery of the wrapped submerged piling 
after the wraps have been deployed and secured thereon in 
permanent assembly. 

Solid objects submerged in and exposed to 
relative movement of a body of fluid, such as smoke- 
stacks or overhead cables exposed to wind, or pilings and 
pipes exposed to ocean currents, produce vortices 
travelling downstream with the wind or current, sometimes 
call Von Karman vortex streets accompanied by vibratory 
movement or aeolian vibrations which may produce resonant 
vibratory stresses, weakening or damaging the submerged 
solid structure. Fins protruding from the peripheral 
surface of the submerged solid object are known to reduce 
or eliminate such vortex formation, thus minimizing or, 
eliminating any vibratory movement which might be 
deleterious to the solid structure. 


Vibration of chimneys exposed to wind and 
pilings exposed to ocean currents has been mentioned in 
nxmerous United States patents. For example, U.S. 
Patents 3,352,118? 3,383,869 and 4.230,423 all discuss 
marine palings but do not suggest that helical ribs could 
be useful for shedding vortices or minimizing vortex 
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formation. Surface protuberances arc suggested in 
several United States patents, such as Patents 4,193,234; 
4,059,129; 3,581,449, 2,604,838 and 3,076,533. 

Feis U.S. Patent 4,059,129 shows protrusions 
formed as segments of helical ribs arrayed in vertical 
rows on chimneys. 

Scruton U.S. Patent 3,076,533 shows helical 
ribs protruding from the outer surface of chimneys 
' exposed to wind and recommends particular parameters and 
ratios for the shape of such ribs. For example, Scruton 
patent 3,076,533 shows in its FIGURE 3 a wind tunnel 
model of a chimney with three protruding ribs extending 
outward from its peripheral surface, at a pitch of 
approximately 12 times the diameter of the chimney. The 
text in columns 1 and 4 of this patent mentions that the 
optimum helix pitch for three equiangularly spaced 
strakes is of the order of 15 times the diameter or 
characteristic transverse dimension D. In column 4, ribs 
or strakes of different heights extending radially from 
the outer surface of the chimney are described, with 
heights ranging from O.029D to 0.118D, stating that at 
0.118D the aeolian instability is "reduced to a very 
small area and only a very small value of structural 
damping is required to eliminate the oscillations." 

This Scruton patent Indicates that round stacks 
should never require strakes higher than 1/8 of D, even 
when minimum damping is provided by the solid structure 
itself. 

Helical ribs employed for vortex shedding are 
suggested for overhead wires or cables exposed to the 
wind, in Zaltsberg U.S. Patent 4,549,035 and Uttle U.S. 
Patent 3,105,866; or for towing lines or towed cables 
exposed to the ocean in Fabula U.S. Patent 3,884,173 and 
Cohen U.S. Patent 3,991,550. In each of these four, 
patents a single helical rib or strake is employed, and 
the relative movement of the body of fluid in which the 
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solid object is inaereed is not always transverse to the 
axis of the object; in all these cases it may be in many 
different directions, some nearly parallel to the axis of 
the object itself. 


It has now been discovered that vortex shedding 
ribs or straJces nay be installed on submerged pilings and 
piping exposed to ocean currents by incorporating these 
StraJces as components of a flexible wrap providing 
corrosion resistance and biocidal protection for the 
submerged piling, and which is itself deployed and 
clamped in position embracing the external surface of the 
piling or pipe. The straJces may be formed by a pair of 
clamping flanges mounted along the adjacent edges of 
parallelogram-shaped wrap segments which are positioned 
side-by-side encircling the outer surface of the piling 
or pipe, and then damped in position. 

Alternatively, the ribs or straJces may be 
positioned vertically or diagonally on a flat rectangular 
panel of flexible wrapping material, dimensioned to 
encircle by itself a single piling, with clamping flanges 
mounted along its vertical edges, which can be brought 
together, stretching the wrap panel by a small but 
substantial amount, to assure its close embrace around 
the outer surface of the piling. The wrap is then 
clamped in this deployed position, thus presenting the 
straXes in longitudinal or helical configuration 
encircling the wrapped piling. The straJces themselves 
may be formed as several different alternative 
structures. 

Accordingly, a principal object of the present 
invention is to provide wraps for submerged pipes and 
pilings providing protection against corrosion or damage 
from marine growths, while also minimizing "galloping" 


vibratory aeolian aovcment of the subiaerged solid object 
caused by vortices produced by the moving ocean currents. 

A further object of the invention is to provide 
these advantages with flexible wrap panels conveniently 
installed where required at particular subsurface depths 
as a retrofitted wrap which eliminates the need for 
permanent ribs or strakes forming an integral part of the 
total structure of the submerged pipe or piling. 

Another object of the invention is to provide 
such advantageous features in economical products 
preferably formed of elastomer sheet material with 
protruding flexible fins permanently mounted thereon, 
with the entire elastomer structure being conveniently 
fabricated, stored, shipped and deployed with minimum 
expense and minimum labor, 

other objects of the invention will in part be 
obvious and will in part appear hereinafter. 

The invention accordingly comprises the 
features of construction, combinations of elements, and 
arrangements of parts which will be exemplified in the 
constructions hereinafter set forth, and the scope of the 
invention will be indicated in the claims. 


For a fuller understanding of the nature and 
objects of the invention, reference should be made to the 
following detailed description taken in connection with 
the accompanying drawings, in which: 

FIGURE 1 is a front elevation view of the 
exposed outer surface of a flexible polymer wrap formed 
as a rectangular sheet with mounting flanges installed 
along its parallel side edges and diagonal ribs or 
straKes protruding from its exposed surface? 

FIGURE 2 is a fragmentary front perspcctiv.e 
view of a portion of a vertical piling showing the wrap 
of FIGURE 1 installed thereon; 
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FIGUBE 3 is a top perspective view of the 
deployed wrap and piling of FIGOIffi 2? 

FIGDFBS 4, 5 and 6 are detailed views of the 
structure shown in FIGDRES 1 to 3, in which FIGURE 4 is a 
fragmentary enlarged view of the damping flanges secured 
to the vertical edges of the wrap of FIGUBE 1 shown 
during installation as the wrap is being stretched by 
drawing the clamping flanges together,- 

FIGURE 5 is a fragmentary enlarged top cross 
sectional view of section 5-5 in FIGURE 1 showing the 
clamping flange along one edge of the wrap of FIGURE 1 
and the diagonal strakc protruding from the wrap; 

FIGURE 6 is a fragmentary enlarged front view 
of region 6A of FIGURE 1, showing the same flange and a 
different strake extending from a point close to the 
flange in a diagonal direction on the surface of the 

wrap; ^ 

FIGURES 7-12 Show an alternative form of the 

present invention in which FIGURE 7 is a front elevation 
view of a parallelogram-Shaped wrap segment having 
mounting flanges positioned protruding from both of its 
parallel edges, ready for installation with two similar 
wrap segments to form the coabined structure illustrated 
in the front perspective view of FIGURE 8, where adjacent 
pairs of clamping flanges are drawn together at three 
different locations around the submerged piling, 
themselves forming three helical strakes protruding from 
the exposed outer surface of the piling and wrap 
assembly, as shown in FIGURE 8. 

FIGURE 9 is a top perspective view of the same 
assembly Shown in FIGURE 8, illustrating three pairs of 
clamping flanges joined together to protrude as stralces 
from the outer surface of the piling wrap; 

FIGURE 10 is a fragmentary front perspective 
view showing the adjacent flanges bolted together in 
their installed condition as shown in FIGURES 8 and 9, 
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but the claaped flanges of FIGDRE 10 are joined togetber 
before the flexible elastomer wrap is curved around the 
piling to draw the last pair of edge flanges together; 

FIGUKS 11 shows a fragmentary top plan view of 
the two flanges of this structure as they are first drawn 

together r and 

riGORB 12 indicates the short claaping stud and 
pair of clamping nuts assembled with the wraps or wrap 
segments during their manufacture, ready for use in the 
final clamping step of installation. Following the 
tensioning step illustrated in FIGORS 11, the clamped 
condition of the pair of flanges is best seen in FIGURE 
13, which is a top plan view of the clamped flanges along 
adjoining edges of the installed piling wrap of the 
invention- 

h preferred form of the ribs or strakes 
illustrated in FIGURES 1-3 is shown in FIGURES 14 through 
18 where a small flat sheet or strip of elastomer coated 
fabric material shown endwise in the fragmentary 
perspective view of FIGURE 1< is formed with its central 
portion raised to form a keyhole shaped ridge best seen 
in the fragmentary perspective view of FIGURE 15 with a 
circular arcuate top portion and two converging legs 
joining the top portion to lateral flange portions formed 
at the edge of the original strip, after which the 
converging legs are brought together as shown in the 
cross-sectional view of FIGURE 16 to form an upstanding 
rail protuberance, and the two converging leg portions., 
are heat sealed together to form the web of the rail 
while the circular arcuate portion forms the head of the 
rail; 

FIGURE 17 is a cross-sectional view of a 
slotted f in-strake with a keyhole shaped lower slot 
opening downward from its central lower portion, 
dimensioned to slide over the rail shaped protuberance of 
the mounting rail of FIGURE 16. The rail of FIGURE 16 is 


7 


t 


designed to be nounted and adhesively joined or heat 
sealed to the outer surface of the wrap panel, and the 
rib-straxe is then positioned to slide lengthwise over 
the counting rail, and preferably to be bolted thereto, 
as indicated in FIGURE 17. 

FIGURE 18 is a front elevation view of a 
rectangular poly»er wrap sheet, incorporating a plurality 
of the longitudinal rib-strakes shown in FIGURE 17 
' deployed in non-helical fashion, with a non-flanged 
oortise-and-tenon flat closure; 

FIOTRB 19 is a top plan view of the wrap sheet 

of FIGURE 18; 

FIGURE 20 is a top plan view of the same wrap 

and closure installed on a piling; 

FIGURE 21 is a front elevation view of a 
rectangular wrap sheet with closure flanges and rigid 
tuJ>e rib-straJces like those shown in FIGURES 1-6, but 
with the rib-strakes extending longitudinally in non- 
helical fashion; 

FIGURE 22 is a top plan view of the rectangular 

wrap sheet shown in FIGURE 21; 

FIGURE 23 is a top plan view of the sane wrap 
and flanged closure installed on a piling; and 

FIGURE 24 is a front elevation view of the 
Bortise-and-tenon closure of FIGURES 18-20 on a wrap 
incorporating helically deployed diagonal rib-Strakes of 
the kind shown in FIGURE 17. 


FIGURES 2 and 8 show perspective views of the 
protective wraps for pilings and submerged piping 
characterizing the present invention. The helical 
projecting strakes required for vortex shedding protrude 
radially outward fro» the outermost surface of these 
protective wraps. 
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A rectangular wrap panel 21 generally indicated 
in FIGORE 1 is formed as a sheet of water-iinperiDeable 
flexible elastic polyaer material having a woven- 
reinforcing fabric embedded therein forming an cuter sKm 
22. SXin ZZ may include the catbodic protection system 
providing a carrier for sacrificial anode material and 
may be coated with a marine fouling release additive or 
coating. Adhesively secured to the inner pile facing 
surface of outer skin 22 is an inner layer 23 of liquid 
permeable material such as felt impregnated with a gel of 
water resistant sealant incorporating both corrosion 
inhibiting and biocidal components. 

It is desirable that the pile wrap 21 not be 
permanently bonded to the piling, so that the wrap 21 may 
be removed to facilitate inspection of the piling. When 
this pile wrap is installed in_si£U on a submerged 
portion of a piling or pipe, seawater will be trapped 
between the inner skin 2J and the piling but the gel 
inhibitors on the inner skin layer 23 of wrap 21, such as 
modified metal alkyl amyl sulfonates, will neutralize the 
oxygen in the entrapped seawater. thereby preventing 
corrosion of the piling. 

As indicated in FIGDFB 13, each edge of the 
rectangular wrap 21 is provided with a clamping connector 
channel or grooved clamping flange bar 24. clamping 
flange bars 24 may be made of coated metal, plastic, 
composite or other materials suitable for a highly 
corrosive environment such as extruded aluminum or 
extruded rigid polyvinyl chloride. Each clamping flange 
bar 24 includes a retaining groove 26 extending 
lengthwise and opening outward through its inner face 27. 
Each groove 2< is generally circular in shape, narrowing 
to a smaller throat opening 28 having a width 
considerably smaller than the diameter of the retaining 
groove 26, 


9 


As clearly shown in FIGURE 13, the edge of the 
wrap 21 extending around the piling is carried radially 
outward through the throat opening 28 and around the 
periphery of the circular groove 2 « to be folded back 
along its outer surface between clamping flange bar 24 
and the adjacent portion of wrap 21 • 

The edge of wrap 2X is held in clatoping flange 
bar 24 by being wrapped aroimd a retaining rod or cable 
' 29, and flange bar 24 is telescopingly joined to the wrap 
edge by sliding the edge-wrapped rod 29 endwise into 
groove 26 of the flange bar 24 until complete telescoped 
engagement is achieved. The clamping flange bars 24 
mounted in this fashion on each edge of wrap 21 are 
brought into facing relationship with their grooved inner 
faces juxtaposed facing each other- As indicated in 
FIGURE 4, suitable clamping bolt holes 31 formed in 
clamping bars 24 are aligned with each other, and 
concentric holes are punched through both layers of the 
wrap 21 assembled on clamping flange bars 24, through 
bolt holes SI in the bars 24? elongated tensioning bolts 
32 (FIGURE 4) are then threaded through both facing 
clamping flange bars 24 and the edges of wrap 2X 
assembled therein, so that the bolts 32 may be provided 
with tensioning nuts 33 • Hydraulic or pneumatic torque 
wrenches may be employed to tighten nuts 33 on bolts 32/ 
and thus to stretch the elastomer %/rap material of wrap 
21 by drawing clamping flange bars 24 closer together 
until they finally reach the abutting engagement 
illustrated in FIGURE 13 • In this position, alternate 
tensioning bolts 32 are removed and replaced by short 
clamping bolt:s 34/ thus securing the stretched wrap 21 in 
deployed position closely embracing the outer surface of 
the piling indicated as 36 in FIGURE 13. 

As clearly shown in FIGURE 3, diagonal ribs are 
formed as projecting strakes 37 protruding radially 
outward from the outer surface of wrap 2l. These strakes 
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,7 are formed by relatively rigid reinforced flexible 
tubes 38 having a diameter of approximately 1-1/2 inche3, 
embraced by a urethane coated nylon fabric band 39 
partially encircling and embracing tube 38 and securing 
it firmly against the outer surface of wrap 21, This xs 
Shown in riGORES 5 and 6 where both edges of the nylon 
band 3» are shown adhesively bonded to tbe surface of 
vrap 21, securing tube 38 in a tight embrace in its 
desired diagonally arrayed position, as shown in 

FiGUlUE 1. ^ ^w* 

When the two flanged edges of wrap 21 are brought 
together, clamping wrap 21 securely around the external 
surface of the piling 3«, the diagonal strakes 37 are 
thus arrayed helically around the assembly as indicated 
in FIGURE 2 and the radial extent of their protrusion 
from the outer surface of wrap 21 is indicated in FXGURB 
3, to be about 1/10 of the dimension 0 representing the 
external diameter of the piling 36. 

An alternative form of strake 37 is shown m 
FIGUBES 14-17, and described in more detail hereinafter. 

par-allelog rTr "Tffi" Panels 
A second embodiment of the vortex shedding 
wraps of this invention incorporating parallelogram 
shaped panels of wrap material is shown in FIGURES 7-12. 
The parallelogram shaped wrap panel 41 illustrated in 
FIGURE 7 has a -circumferential" width perpendicular to 
the piling axis of approxi-ately 1/3 of the width of the 
rectangular wrap 21 shown in FIGURE 1. Thus if wrap 21 
is 42 inches wide overall, the parallelogram-shaped wrap 
panel 41 would be 14 inches wide in the direction 
perpendicular to the piling axis. 

The slanted parallel edges of parallelogram- 
shaped wrap panel 41 are each provided witb clamping 
flange bars 42. 
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Parallelograa-shapea panels 41 are designed to 
be assembled in groups of three sub-panels to form a 
compound parallelogram wrap whose transverse dimension is 
no more than 10% smaller than the circumference of the 
piling to be embraced therein. For this purpose, the 
clamping flange bars 42 of three adjacent sub-panels are 
first juxtaposed to place the three panels 4X into 
parallel alignment, and the short closure flange clamping 
' bolts 34 secure these wrap panels 41 together to form a 
triple compound parallelogram-shaped %rrap panel. The 
compound panel is then wrapped around the piling in the 
manner shown in FIOTKB 8 with its pairs of abutting 
clamping flange bars 42 bolted together by the clamping 
bolts 34 themselves providing the straXes 37 as indicated 
in FI6UKB 8. 

Bars 42 are all provided with spaced bolt holes 
aligned to permit tensioning installation bolts 32 to 
draw the final bars together to complete the deployment 
of the combined wrap panels 41 to completely embrace and 
enclose piling 36 as indicated in FIGURE 8. 

In order to achieve this helical wrapping of 
the strakes formed by abutting diagonal clamping bar 
paixTs 42, it may be necessary to pre-form pairs 42 in a 
helical shape, or to apply considerable inward radial 
wrapping force to distort the flexible bar pairs as well 
as the flexible wrap skin materials in order to complete 
the wrapping operation. This may be performed with 
clamping rings, with tensioning jacks, with belts 
providing the hoop tension, or by any other suitable 
wrapping force applying arrangement. 

When the free edges of the compound 
parallelogram wrap panel are brought into facing 
relationship as suggested in FIGURE 11, the installation 
tensioning bolts 32 are installed in aligned apertui:es 
passing transversely through each of the bars 42, and 
torque applied to the bolts 32 draws these facing edge 
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bars 42 closer toget:her until they are brought into 
abutting relationship in the sa»e manner as bars 24 shown 

in riOTFB 13. ^ , . 

AS indicated in FIGDFES 8 and 9. the clamping 

closure flange bars 42 bolted together in facing abutting 

pairs by closure clamping bolts 34 themselves form the 

helical straJces 37 in this parallelogram wrap panel 

assembly. As indicated in the perspective top plan vxews 

of FIGDFBS 3 and 9, the cross sectional shape of the 

straKes 37 is somewhat different in the parallelogram 

wrap panel assembly shown in FIGURE 9, as compared with 

the smooth simple streamlined strakes shown in FIGURE 3 

produced by the flexible tube 3» enclosed in the urethane 

coated nylon band 39 adhesively bonded to the outer 

surface of the rectangular wrap 21. As shown in FIGURE 9 

and also in FIGURE 13. the pairs of bolt-clamped flange 

bars 42 are wider circumferentially than they are "high" 

in the radial direction, and their cuter surfaces are 

interrupted at intervals by the heads of clamping bolts 

34 as well as the clamping nuts secured thereon. 

However, these differences in overall shape of the 

clamped flanged bar pairs shown in FIGURES 8 and 9 are 

believed to have a negligible effect upon their 

capability for reducing vortex formation; since they 

extend helically around the entire circumference of the 

wrapped portion of piling 36, they have the effect of 

impeding or minimizing the formation of vortices caused 

by relative motion of seawater flowing in tidal currents 

past a submerged piling or pipe regardless of the 

direction of the tidal current, which encounters the 

helical straXes in all directions of its approach and 

tangent flow past the piling or pipe. 
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^^^^■P^.^^^o ^Ib-S^^^*' g<T'«fciire 
FIGORE 16 ehows a stand-off rito key 46, shaped 
in cross-cection as a rail, with a round cylindrical head 
47 a central stand-off web 4», and a wide supporting 
baU 49, secured by adhesive or ultrasonic bonding to the 
outer surface of wrap aX. to replace the low P-f^le rxhs 
Shown in riGQRES 1, 2, 3, 5 and 6, and P^^^^^^^ 
vertical, parallel to the vertical wrap edges (FIGURES 18 
• and 21) or angled at about 30' from the vertical wrap 
edges, as in FIGURE 1. The rib of FIGURE 16 is 
preferably formed of flexible polymer sheet material such 
as urethane coated woven nylon tape 51, and its head 47 
nay enclose a polyaer rod 58. 

Rail-shaped rib 46 is formed by guiding nylon 
tape 52 through a fairlead-type guide, to form the raised 
Xeyhole shape shown in FIGORB 15, where the top circular 
arcuate sector 5» is formed from the central part of tape > 
51, converging leg panels 54 join the lower edges of 
arcuate sector 53 to the laterally extending side edges 

5« Of tape 51. 

The rail-shaped rib 4« is then further guided 
into the cross-sectional shape shown in FIGURE 16, where 
the sector 53 has now become bead 47, the legs 54 are 
Clasped abuttingly together and bonded by adhesive 
bonding or ultrasonic welding to form stand-off web 48, 
all supported by the underlying base 57 formed by the 
remaining side edges 56 of tape 51. 

preferably, the hollow circular cylinder 
passage inside head 47 is occupied by a polymer rope or 
rod 58, around which arcuate sector S3 is wrapped before 
leg panels 54 are bonded together to form web 48. 

FIGURE 17 Shows an elongated extruded flexible 
inverted Y-shaped polymer extension wall strake 5!. with a 
central Keyhole-shaped core passageway 61 extending .from 
end to end, separating its Y-shaped base flanges 62- The 
Keyaway core passageway 61 is dimensioned for telescoping 


^ efand-off web 48 and the 

engagement wer the bead 47, the stand ozz w 

w ^ icev rail 46, and can then be 

hase 57 o£ the Stand-oft Key raix ••«•» 

base 57 oi ultrasonic or adhesive bondxng, 

bonded thereto by heat, ultrasonic ° 

The wall straJce S» thus extends the height of the stana 
Off Xey rail 4. by 300* to 400*, measured fro» the outer 
surface of the underlying wrap 2X, 

The key rail 46, the wall strake 59 and the 
wrap 21 are all formed of flexible polymer, and can be 
' IlfLed to conform to the outer surface of the pUxng, 
stretching the wrap as desired for bolted clampxng 
installation. d-ralces 

Tl,. resulting longltudUal or h.lic.1 etrates 
s> ln«rf.r. vltH laBin« £!<« of »e.«t:er past the 
pUlB,. i.pellea by tld.1 currents, suppressing or 
shea^in, von Kar«n vortex develops* »a consc^^t 
osdUstin, detleotlons or stresses rn the P-l^"^" 

»,t«lthst«ritn, the suwestlons in prxor patent. 
Lat a helioal pltoh between 15D «D vouW be 
appropriate for vortex sheddin, in the -^^'^^^ 
Z believed that pltoh values r«^ln, fro. <*~*." " 
Lut are all etfeotive. partioularly for ""^^"-^ 
vortex producUon on submerged pilings, risers and P^e* 
«posed to vaves. swells or tidal currents in seawat«r. 

B ^-ncloq straice 
The preferred materials for forming the 
inverted Y-shaped vail str.Kes « are polyvinyl ^orxde 
elastomer, or o«m.ercial quality 4» "''^^^'^ 
»eoprene, ultraviolet stabUir«. and r^istant to^salt 
vat«r and hydrocarbon., for best results, ^^'^^ 
extend over the full vertical height of the wrap «^ 
interrupting .treamlin«l flow of tidal currents past 
pSirrise« or pilings « and producing turbulence 
vh!^ blocXs aeolian vihrations or resonance acc».pany.ng 
vortex formation. 
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The wraps of this invention may employ a 
combination of i&aterials exhibiting proven porforoance 
within a variety of operational environments . The 
components may be combined to form an assembly which is 
resistant to long term immersion in both seawater and 
fresh water and if desired, to resist biological and 
chemical attack, in addition, the assembly will 
withstand attack from environmental UV, ozone and 
temperature variations while providing permanent 
protection in service, by resisting wave and current 
forces. No labor intensive ancillary materials such as 
tapes, sealants or adhesives are used. This reduces to a 
minimum the possibility of hximatn error and non- 
compatibility of components in the installation of the 
system* 

The materials in these assemblies are stressed 
below their operational limits, ensuring a high safety 
factor in all parameters while in service* If 
accidentally punctured, the hoop tension created by the 
circumferential stretching of the wrap panels by an 
amount of deformation up to lot will cause the gel 
impregnated within the inner layer carrier in the 
corrosion<-resistant embodiments of these wraps to be 
exuded from the damaged area and '*&elf seal**. The 
inhibitor within the gel will neutralize any oxygenated 
water which has permeated through the damaged wrap at the 
time of impact. The design of the laminar wrap sKin 
membrane and the hoop tensions involved combine to exisure 
that in the unlikely event of a tear being introduced to 
the wrap, the tear will not propagate. 

The wrap panels are a multi-layer monocoque 
construction consisting of a polymeric textile 
reinforcement encapsulated within the polyurethane matrix 
and outer layer and may be bonded in-line if desired to a 
polyester or polypropylene penetration-resistant felt, 
impregnated with a corrosion inhibitor or blocide 
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contained within a water resistant thixotroplc gel, 
chosen to match the application for which the system will 
be supplied* 

The Outer skin 
In designing the wraps of this invention the 
following operational parameters were considered in 
addition to those necessary for the material to retain 
' hoop tension throughout the projected operational life of 
the fabric. 

Polymer Coating to the Outer Skin 
Various polymers were considered to meet the 
following requirements: toughness, abrasion resistance, 
good ultraviolet resistance, good ozone resistance, 
resistance to high temperatures, good adhesion to 
fabrics, proven long life under seawater, resistance to 
hydrocarbon oil contamination, resistance to degradation 
by any form of marine life, oxidization resistance and 
capability of being fabricated by in line welding. 

The wrap panels are fabricated with outer skin 
22 of textile reinforced fabric* The material has been 
specifically fabricated with the benefit of ten years of 
wrap development, and utilises the data resulting from 35 
years of oil boom construction and deployment in marine 
environments , 

Primary Penetration Inner Skin 23 
Polyester felt which provides the primary 
penetration and carrier for the corrosion inhibiting gel 
in the corrosion-resistant wraps is in line bonded during 
the production of the multi-layer feUaric to become an 
integral part of the wrap panels* 

The thixotropic gel and its attendant "active" 
corrosion inhibitors are factory applied to the point of 
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saturation in quantities calculated to provide protection 
throughout the operational life of the product* 

Thixotroplc Corrogion Inhibit ing Sealant- rsoi 
Petrolatua baeed gel impregnating inner felt 
skin 23 exhibits a high degree of thixotropy, liquefying 
at installation to convey the active corrosion inhibiting 
additives to the interstices of the substrate while 
, solidifying once again soon after installation. 

The gel is intensely hydrophobic, dispersing 
water on contact with the substrate while remaining inert 
to the physical and chemical effect of narine and fresh 
water throughout the operational lifetime of the systenr. 

Split S trake Closure Seal 
Paxallelograa-shaped wrap panels are 
interlocked by clamping closure flange bars 42, which arc 
preformed marine resistant PVC split strake extrusions. 
The fabric and supplementary felt sealed under 
compression provides the environmental closure seal. 

In the embodiment of FIGURES 7-12, corrosion 
resistant metal fasteners 34 are used to connect each of 
the three panels 41 and their attendant split strake 
clausing closure bars 42, which after installation 
provides three equi-spaced strakes 37 standing off the 
riser surface at a pitch of »5D, as shown in FIGURES 8 
and 9. 

other Alt ernative Embodiments 
FIGURES 18 through 24 show several variations 
in the features already described. Longitudinal non- 
helical strakes 37 and 5f , parallel to the axis of the 
cylindrical piling or pipe 36, arc shown in the 
embodiments illustrated in FIGURES 21 and 18, bonde<J by 
adhesive bonding or ultrasonic welding to rectangular 
wrap sheets 64 and 63 respectively. Wraps with vertical 
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ril>-ctraXes are significantly effective in suppressing 
vortex fonaation and aeolian vibration, and are aore 
economical and much sis^ler to fabricate and deploy than 
wraps vith belical strakes. 

The "Slimline" mortise-and-tenon closure €6 
shown in FIGURES 18-20 and 24 employs interfitting finger 
loops of flexible wrap sheet material — tenons 67 
fitting into mortises 66 (FIGURES 18, 19, and 24) with 
the loops aligned to receive a rigid closxire bar 69 
inserted through tenon loops 67 securing the wrap 
stretched in suitable tension on the pipe or piling 36. 
To provide complete wrap coverage of the piling surface 
behind closure 66, an underlapping edge panel extension 
72 extending from a vertical edge of wrap panel 63, as 
shown in FIGUI^ 18 and 24. 

It will thus be seen that the objects set forth 
above, and those made apparent from the preceding 
description, are efficiently attained and, since certain 
changes may be made in the above construction without 
departing from the scope of the invention, it is intended 
that all matter contained In the above description or 
shown in the accompanying drawings shall be interpreted 
as illustrative and not in a limiting sense. 

It is also understood that the following claims 
are intended to cover all of the generic and specific 
features of the invention herein described, and all 
statements of the scope of the invention which, as a 
matter of language, might be said to fall therebetween. 
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aAIMS 

1. A piling-protecting wrap panel formed of 
stretchable and flexible elastomer sheet material, 
dimensioned for wraparound engagement encircling the 
exposed outer surface of a submerged pipe or piling, 
comprising; 

a quadrilateral sheet having two elongated 

parallel edges , and having an outer face 
and an inner piling- facing surface, 
a first elongated clamping means arrayed along 

the first of said parallel edges, 
a second elongated clamping means arxayed along 

the second of said parallel edges, 
said clamping means comprising cooperating 

arrays of apertured members provided with 
spaced apart fastening apertures 
positioned for cooperative alignment when 
the quadrilateral sheet is wrapped around 
a piling and said elongated clamping meeuis 
are brought into juxtaposition, 
said outer face having protruding outward 

therefrom a plurality of elongated rib* 
strakes extending along the length of said 
quadrilateral sheet, which are deployed 
when said sheet is wrapped around a 
piling, 

and fastening means extending through said 

fastening apertures joining said clamping^, 
means in clamped alignment in said 
jxixtaposition^ 


2. The piling-protecting wrap panel defined in 
Claim 1, wherein the rib strakes are formed by tubing 
anchored to said outer face of said quadrilateral sheet. 
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3, The piling-protecting wrap pemel defined in 
Claim 2 vberein the tubing is anchored to said outer face 
by a flexible band straddling the tiibing and having 
extended edges securely bonded to said outer face on both 
sides of the tubing • 

4* The piling-protecting wrap panel defined in 
Claim 1 vherein each of the rib-strakes includes a non- 
, flat shaped strip of elongated flexible tape having an 
outwardly extending central portion positioned between 
two laterally extending base portions bonded to said 
outer face, 

5, The piling-protecting wrap panel defined in 
Claim 4 wherein the outwardly extending central portion 
takes the shape of a rail with an enlarged head overlying 
an upstanding web. 

6, The piling-protecting wrap panel defined in 
Claim 4, further including an elongated flexible wall 
strake having an inverted Y-shape with a central core 
groove shaped for interfitting engagement of said 
outwardly extending central tape portion in said groove. 

7, The piling-protecting wrap panel defined in 
Claim 6 wherein the central tape portion has the shape of 
a rail incorporating a flexible rod enclosed in an 
enlarged head portion, and said central core groove has a 
corresponding rail cross-section. 

8, The piling-protecting wrap panel defined in 
Claim 6, further including a spaced plurality of 
permanent fastenings installed through the wall-strake 
and penetrating the central tape portion engaged in .the 
core groove- 
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9. The piling-protecting wrap panel defined in 
Claim I wherein said piling is a circular cylinder having 
a central axis, said (juadrilateral sheet is rectangular, 
and said clamping Beans comprise claaping bars extending 
substantially parallel to the central axis of said 
cylindrical piling with said rib-strakes forming an acute 
angle with said clamping bars. 

10. The piling-protecting wrap panel defined 
in Claim 1 wherein the piling is a circular cylinder 
having a central axis, the quadrilateral sheet is 
parallelogram-shaped, and the elongated clamping means 
comprise clamping bars anchored along said parallel edges 
which themselves form one said helical rib-strake when 
they are joined in clamped alignment by said fastening 
means. 


11. The piling-protecting wrap panel defined 
in Claim 10, wherein said wrap panel comprises a 
plurality of parallelogram-shaped sub-panels joined 
together by a corresponding plurality of pairs of 
clamping bars forming the corresponding plurality of 
helical rib-strakes when each pair of clamping bars is 
joined in clamped alignment. 


12, The piling-protecting wrap panel defined 
in Claim 10, wherein said clamping bars anchored along 
said parallel edges are preformed in mating helical 
configuration . 
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13. The piling-protection wrap panel defined 
in Claim i, wherein the elongated clamping aeans conprise 
Bating mortisc-and-tcnon interfitting looped closures 
incorporating alternating tenon loops extending into 
aligned mortise notches along each of said parallel wrap 
edges, and wherein said fastening means is a rigid 
fastening bar extending through successive tenon loops on 
each wrap edge in alternating order, anchoring said wrap 

. edges together. 

14. The piling-protecting wrap panel defined 
in Claim 1. wherein said quadrilateral sheet has an outer 
layer coated with a marine anti-fouling coating. 

15. The piling-protecting wrap pamel defined 
in Claim 1, wherein said quadrilateral sheet has an inner 
layer of felt material impregnated with a corrosion- 
resisting gel. 

16. The piling-protecting wrap panel defined 
in Claim 1, wherein said quadrilateral sheet has an inner 
layer of felt material impregnated with a biocidal gel. 

17. The piling-, protecting wrap panel 
constructed and arranged substantially as hereinbefore 
described with reference to and as illustrated in the 
accompanying drawings. 
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